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Abstract 

The aim of this paper is to investigate the 
clinical courses of patients with biliary atresia 
(BA) during neonatal period. We examined 19 
patients with BA, who underwent blood tests 
including direct bilirubin (D-Bil) within 20 
days of age, in 3 tertiary hospitals in Japan. 
The first blood sample was collected at 8.4±6.5 
days of age. The acholic stool was observed 
within 2 weeks of age in 16 cases (84.2%). 
Decrease of T-Bil was observed in all the sub- 
jects, with a range of reduction of 6.5±3.3 
mg/dL, from 10.4+7.5 to 29.8±9.1 days of age. 
Decrease of D-Bil was also observed in 17 out 
of 19 cases (89%), with a range of reduction of 
1.1±1.0 mg/dL, from 15.5±8.0 to 24.9+9.6 days 
of age. A significant decrease of D-Bil was 
observed in 2 cases of biliary atresia splenic 
malformation syndrome. We therefore con- 
clude that clinicians treating icteric infants 
should not exclude a diagnosis of BA even if 
the level of D-Bil has a declining tendency. 



Introduction 

Biliary atresia (BA) is an idiopathic inflam- 
matory obliterative cholangiopathy of 
neonates, leading to progressive biliary cirrho- 
sis. 1 The early surgery within 60 days of age is 
known as one of the biggest factors which 
affects long-term prognosis. Therefore, early 
detection of infants of BA has been important 
issues, but both cost-effective and sufficiently 
efficient screening system has not been devel- 
oped yet. 2 According to Japanese BA Registry 
data, ratio of patients who underwent surgery 
within 60 days of age was not improving 
enough (31.6% in 1990, 45.2% in 2006).3,4 In 
US, the median age at diagnosis trended later 
(48.5 days between 1990 and 1994, 69.0 days 
between 2000 and 2004).s 



Meanwhile, some cases are found in the 
neonatal period due to various reasons. 
Japanese BA Registry (1989-2006) had 116 out 
of 2130 cases (5.4%) who underwent surgery 
within 30 days of age. 4 In registry data in US 
(1976-1989, n=816), 17% of cases underwent 
surgery within 30 days of age. 6 Probably 
because neonates with BA are the minority, lit- 
tle is known about the clinical courses of these 
during neonatal period. 

The diagnostic process of BA still remains 
challenging especially in neonates. 7 Preterm 
infants and babies with various disorders 
sometimes present with intrahepatic obstruc- 
tive jaundice. And, the other differential diag- 
noses including congenital metabolic disease 
and hepatitis should be considered, but it com- 
monly takes time to obtain the result of the 
specific examinations. Furthermore, the fact 
that invasive contrast study is necessary for 
definite diagnosis of BA also annoys the clini- 
cians. 

The present study was designed to review 
the blood biochemical values of infants with 
BA mainly during neonatal period, in the 3 ter- 
tiary hospitals in Chiba area. Intriguing 
decreasing trend of direct bilirubin (D-Bil) 
observed in this study may be useful data for 
clinicians treating icteric infants. 



Materials and Methods 

Nineteen patients with BA (15.8 % of total) 
satisfying following 3 selection criteria were 
studied: i) patients who underwent hepatopor- 
toenterostomy in Chiba University Hospital 
(institution A) from August 1988 to December 
2012, in Chiba Children's Hospital (institution 
B) from April 1995 to December 2012, or in 
Matsudo City Hospital Children's Medical 
Center (institution C) from May 1986 to 
December 2012, ii) patients underwent blood 
tests including direct bilirubin within the first 
20 days of age, iii) patients had underwent 
blood tests including D-Bil at least 2 times 
within the first 30 days of age. All the diag- 
noses of BA were confirmed by intraoperative 
findings. Difference of observation periods 
between 3 institutions results from difference 
of date of foundation. Clinical records were 
reviewed retrospectively. The blood samples 
collected preoperatively for the clinical pur- 
pose were also analyzed. 

Results are presented as mean ± standard 
deviation. Differences of levels between 
groups were compared with the student t-test 
or Welch's t-test. Curves of native liver survival 
were calculated using Kaplan-Meier methodol- 
ogy and log rank test was used to compare sur- 
vival rates. P values <0.05 were considered sig- 
nificant. 



Results 

Table 1 shows demographic data of the sub- 
jects. They were born weighing 2904±416 
(1798-3555) g at the 38.9±2.4 (34-41) weeks of 
gestation. Two low-birth-weight babies weigh- 
ing 1798 g and 2405 g were included. The type 
of BA consisted of type 3 (n=16) and type 1 
(n=3). 8 There were 3 cases classified in biliary 
atresia splenic malformation syndrome 
(BASM) defined as associated splenic malfor- 
mation. 

The first blood sample of each patient was 
collected at 8.4+6.5 (0-20) days of age. The 
reasons why the blood samples were collected 
at an early point consist of typical symptom of 
BA [icterus (n=6), acholic stool (n=7)], other 
medical problems including respiratory prob- 
lem (n=2), intestinal obstruction (n=2), low 
birth weight (n=l), and maternal problem 
(n=l). The acholic stool was obviously 
observed at age 8.8+9.0 (1-31) days. In 16 
cases, acholic stools were detected within 2 
weeks of age (5.3+3.2 day of age), and over 2 
weeks of age (27.7+4.2 day of age) in the other 
3 cases. 

Hepatoportoenterostomy was performed at 
age of 43.2+18.2 (23-100) days. Critical com- 
plication was seen in 1 case, who underwent 
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surgery at 45 days of age and died for uncon- 
trollable postoperative bleeding 3 days after 
surgery. Redo operation intended to scratch 
the hepatic portal region again was performed 
in 4 patients. In these, successful drainage 
was achieved in 2 cases, but insufficient in 2 
cases. In the 14 cases without the periopera- 
tive complication nor the redo surgery, the sta- 
tus of jaundice-free (defined as serum levels of 
total bilirubin <1.5 mg/dL within 3 months 
postoperatively) was accomplished in 12 cases 
(85.7 %). Native liver survival of the patients 
who underwent surgery within 30 days of age 
was 100%, but had no significant difference 
compared to the patients with the surgery over 
31 days of age (P=0.058). 

The levels of total bilirubin (T-Bil), D-Bil, 
alanine aminotransferase (ALT) and gamma- 
glutamyl transpeptidase (gGTP) during the 
first 63 days were shown in Figure 1. Each 
point represents the average with standard 
deviation of all the data collected around the 7 
days. For instance, the first plot represents the 
average of all the data collected from multiple 
patients between 0 and 6 days of age. 

Decrease of T-Bil was confirmed in all the 
subjects, from 10.4±7.5 (1-26) to 29.8±9.1 (16- 
52) days of age, with duration of 20.4±9.6 (4- 
36) days. The range of reduction was 6.5±3.3 
(1.1-11.3) mg/dL, and the reduction rate was 
0.36+0.18 (0.08-0.73) mg/dL/day. 

Decrease of D-Bil was confirmed in 17 out of 
19 cases (89%). Decrease of D-Bil was 
observed from 15.5+8.0 (5-40) to 24.9+9.6 (9- 
43) days of age, with duration of 10.4+7.0 (3- 
26) days. The range of reduction was 1.1 ±1.0 
(0.2-4.1) mg/dL, and the reduction rate was 
0.15+0.12 (0.03-0.53) mg/dL/day. 

A significant decrease of D-Bil was observed 
in 2 cases (Figure 2). The level of D-Bil contin- 
ued to decrease for 26 days (from 5 days of 



age) in case A, and 23 days (from 17 days of 
age) in case B. And, the range of reduction was 
2.0 and 4.1 mg/dL, respectively. Interestingly, 
both the 2 cases are classified in BASM. 



Discussion 

BA is an inflammatory, progressive fibro- 
sclerosing cholangiopathy of infancy. 1 If 
untreated, cirrhotic change with portal hyper- 
tension and liver failure progresses, resulting 
in death within 2 to 3 years. Even If treated 
appropriately by hepatoportoenterostomy, how- 
ever, progressive disease status can not be 
stopped completely. This knowledge about pro- 
gressive disease status possibly misleads us to 
think that D-Bil, practical indicator of obstruc- 
tive jaundice seems to be progressive as well. 
The present study showed that 89% of the sub- 
jects had declining trend of D-Bil during 3 rd 
weeks of age. This tendency of D-Bil seems to 
be along with decrease of T-Bil, meaning that 
the level of D-Bil in infants of BA can be influ- 
enced by normalization of physiological jaun- 



Table 1. Demographic data of 19 subjects. 



dice. Clinicians treating icteric infants should 
keep this acknowledge in mind, and should not 
exclude a diagnosis of BA even if the level of D- 
Bil has declining tendency. 

Concept that BA has pathophysiological het- 
erogeneity is being accepted; one is embryon- 
ic (fetal, prenatal) type and the other is perina- 
tal (acquired) type. 9 Although definition of 
embryonic type BA has not been established 
yet, at least patients as follows are probably 
thought to be classified in this category; i) 
patients with antenatal detection of the abnor- 
mal bile duct, ii) BASM, iii) early-onset 
patients who develop both acholic stool and 
cholestatic jaundice before 2 weeks of age. 10 In 
our series, 16 cases (84%) had acholic stool 
within 2 weeks of age. they included 3 cases of 
BASM, and seemed to be categorized as embry- 
onic type. 

Intriguingly, all the cases of embryonic type 
had declining trend of D-Bil, especially in the 
cases of BASM. On the other hand, declining 
trend of D-Bil was not seen in 2 of 3 cases con- 
sidered of perinatal type. Although the reason 
why embryonic type is more likely to have 
declining tendency of D-Bil is unexplainable, 
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Figure 1. The levels of total bilirubin (T-Bil), direct bilirubin (D- 
Bil), alanine aminotransferase (ALT) and gamma-glutamyl 
transpeptidase (gGTP) . Each point represents the average with 
standard deviation of all the data collected around the 7 days. 



Figure 2. The levels of total bilirubin (T-Bil), direct bilirubin (D- 
Bil) of 2 cases with BASM who presented extreme decreasing 
trend. 
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our data supports the pathophysiological 
hypothesis of heterogeneity from the aspects 
of clinical course during the neonatal period. 

Early presentation of the specific symptoms 
and accompanied abnormalities may have 
facilitated earlier detection of embryonic type 
BA. In contrast, only 3 cases (16%) considered 
to be perinatal type BA were included in the 
present study. This suggests that it is difficult 
to distinguish perinatal type BA during neona- 
tal period, mainly because acholic stool is 
absent. All these 3 cases had had abnormally 
high level of D-Bil before acholic stool was 
detected. To detect patients with perinatal type 
BA earlier, therefore, new screening system 
using sampling of D-Bil, not the infant stool 
color card is necessary. 11 

The strategy of early operation becomes a 
broad consensus on treatment of BA. However, 
appropriate timing of surgery for neonates 
with BA still remains unclear. Volpert et al. 
reported worse outcome of patients who 
underwent the procedure before 30 days of 
age. 12 The reason why the earlier surgery 
resulted in worse outcome was explained by 
the different pathogenesis of these BA patients 
that brings it to clinical attention earlier. In 
contrast, Canadian Pediatric Hepatology 
Research Group reported better native liver 
survival in patients who underwent surgery 
within 30 days of age (49%), compared to 
those with surgery between 31 and 90 day of 
age (36%). 13 According to Japanese BA 
Registry data (1989-2006, n=2130), rate of 
postoperative jaundice-free was 65% in 
patients who underwent surgery within 30 
days, and 58% in patients who underwent sur- 
gery between 41 and 60 days of age. 4 The most 
recent data from French group revealed better 



outcome (both clearance of jaundice and sur- 
vival with native liver) in patients who 
received hepatoportoenterostomy in the first 
month of life compared to patients in the sec- 
ond month of life. 14 In our series, patients with 
early surgery (<30 days of age) had better 
native liver survival, although difference was 
not significant due to small samples. 
Considering these facts, early surgery within 
30 days is at least not a contraindication, but 
further study is necessary to elucidate the 
appropriate timing of surgery for neonates 
with BA. 



Conclusions 

Patients with BA who were examined during 
neonatal period mainly consisted of cases with 
embryonic type BA. They had declining tenden- 
cy of D-Bil during 3 rd weeks of age, in associa- 
tion with normalization of physiological jaun- 
dice. When clinicians treating icteric infants 
see this phenomenon, diagnosis of BA should 
not be excluded. 
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